' M) than those (10-10-10-9 M) required for the stimulation of cell division.
Introduction
PTH is one of the most important hormones for regulation of the blood calcium level (for review, see reference 1). In addition, PTH has direct anabolic effects on chondrocytes. Suzuki et al. have shown that PTH causes a 1.5-fold increase in [35S]-sulfate incorporation into glycosaminoglycans in 6-wk-old rat costal chondrocytes in monolayer cultures (2) . This increase in [35S]sulfate incorporation was due to enhanced synthesis of large, chondroitin sulfate proteoglycans, the main component of cartilage matrix (3, 4) . PTH also increased the cAMP level 50-fold (4-6) and the ornithine decarboxylase activity 5-fold (5, 7) in 4-to 7-wk-old rabbit costal chondrocytes in mono-other hand, there are reports that PTH caused a 1.5-to 2-fold increase in the length, weight, and DNA content of embryonic 9-d-old chicken femur and pelvic cartilage in organ culture (8, 9) . A 1.5-fold increase by PTH in [3H]thymidine uptake was also noted in embryonic cartilage (9) . These conflicting observations about the mitogenic action of PTH can be explained by supposing that the mitogenic action of PTH is dependent on cartilage age.
In this work, we ( 12) . Chicken cartilages were incubated at 370C for 1 h in 10 ml ofPBS (calcium-and magnesium-free) containing 2.5 mg/ml of trypsin. After incubation they were cut into small pieces. The tissue fragments were incubated in 10 ml of PBS containing 1 mg/ml of collagenase and 2.5 mg/ml of trypsin at 370C. After 1.5 h single cell suspensions were obtained by pipetting the cell aggregates up and down in a 10-ml pipette. Cells were seeded at a density of 106 cells/10 cm diameter in uncoated plastic dishes, and maintained in 10 ml ofHam's F-12 medium supplemented with 10% fetal bovine serum, 40 sg/ml of streptomycin, and 32 U/ml of penicillin under 5% CO2 in air at 370C for 6 d before experiments. The purity ofthe chondrocyte population was > 99%. No vol/vol). The residues were solubilized in 0.1 N NaOH containing 0.2% Triton X-100 and their DNA contents were assayed by a fluorometric method (16) . Background fluorescence was measured using soft agar cultures without cells.
Monolayer cultures. For preparation of low-density cultures on plastic tissue culture dishes, rabbit chondrocytes were seeded at 4 X 104 cells per 16-mm-diam plastic well, and maintained in 0.5 ml MEM supplemented with 60 Ag/ml of kanamycin and 10% fetal bovine serum under 5% CO2 in air at 370C.
DNA synthesis. When cultures maintained on 16-mm wells became confluent, the cells were preincubated for 24 h in 0.5 ml of MEM with 0.5% fetal bovine serum. The cells were then transferred to 0.5 ml ofthe same medium supplemented with PTH or growth factors.
After 24 h [3HJthymidine solution (5 sl, 130 MCi/ml in PBS) was added, and the cells were incubated for 3 h more. The cell layers were washed three times with PBS, twice with 5% TCA, and once with ethanol/diethyl ether (3:1 vol/vol) at 0-4°C. The residues in the wells were solubilized with 0.3 M NaOH, the solution was neutralized with 6 N HCI, and radioactivity was measured in a scintillation spectrometer (Rack-Beta; Pharmacia LKB, Uppsala, Sweden).
Proteoglycan synthesis. When cultures maintained in 16-mm wells became confluent, the cells were preincubated for 24 h in 0.5 ml of MEM supplemented with 0.5% fetal bovine serum. The cells were then transferred to 0.5 ml ofthe same medium supplemented with PTH[ . After (17) .
Determination ofintracellular cAMP. When cultures maintained in 16-mm wells became confluent, they were preincubated for 24 h in 0.5 ml MEM with 0.5% fetal bovine serum and 60 ug/ml kanamycin. The medium was then replaced by fresh medium ofthe same composition, and incubation was continued for 3 h. We confirmed that this 3-h incubation did not affect the level of cAMP. PTH was added to the cultures, and the incubation was continued for 1-20 min. Then the medium was removed and the chondrocytes were overlaid with 0.5 ml of 5% TCA for 30 min at 4VC. The (20, 21 (Figs. 3 and 4) . Insulin and EGF did not induce colony formation by fetal and postnatal chondrocytes (Fig. 4) .
DNA synthesis. Next we examined whether direct stimulation of DNA synthesis in chondrocytes by PTH was age dependent. In fetal 25-d-old rabbit chondrocytes, PTH increased [3H]thymidine incorporation into DNA in 24 h in a dose-dependent manner with an ED50 of 10-9 M (Fig. 6 A) (Fig. 6 B) . On the other hand, bFGF, EGF, and insulin increased [3H]thymidine incorporation into DNA in both fetal and postnatal chondrocytes (Fig. 6, A Effects ofage on PTH receptors. Fig. 9 shows the bindings of '25I-PTH to rabbit chondrocytes in confluent cultures. In the period between fetal day 25 and postnatal day 28, the number and dissociation constant of PTH receptors ranged between 3.6 and 6.0 X 104 per cell, and between 0.6 and 1.1 nM, respectively. No decrease in number or affinity of receptors was observed after birth. were necessary to determine details of the mitogenic effect of PTH.
In the present study we examined the effect of PTH on growth of rabbit and chick chondrocytes in soft agar and in monolayer cultures as a function of age. Our results showed that PTH caused a 12-to 15-fold increase in colony formation by embryonic rabbit growth-plate chondrocytes and chick sternal chondrocytes in soft agar with a 10-fold increase of their DNA. PTH also caused 2.5-fold increase in [3H]thymidine incorporation into DNA in fetal rabbit chondrocytes in monolayer cultures. These results provide evidence that PTH is a potent mitogen for both mammalian and avian chondrocytes in the absence of other cell types. The growth-promoting effect of PTH was specific for overtly differentiated chondrocytes from embryos. No growth stimulation was observed with postnatal chondrocytes, embryonic fibroblasts, or dedifferentiated chondrocytes, which had been passaged at low density on plastic dishes or preincubated with 5-bromodeoxyuridine or retinoic acid (data not shown).
Although its stimulation of chondrocyte colony formation was striking, PTH caused only a 2. These observations suggest that a signaling pathway for growth in response to PTH selectively becomes inoperative at postreceptor levels after birth. This is of interest because hormone responsiveness is usually determined by the hormone and receptor levels.
Although PTH stimulated both proliferation and the synthesis of proteoglycans and cAMP in fetal chondrocytes, the concentrations of PTH required for stimulations of proteoglycan and cAMP synthesis were 100-fold higher than those required for the stimulation of proliferation. This finding indicates that PTH stimulation of chondrocyte phenotypic expression is not linked to its growth stimulation, and that the mitogenic action of PTH is not mediated by cAMP. The effects of cAMP analogue mimicked those of PTH in chondrocytes (5, 8, 9, 29, 30) , but dibutyryl cAMP enhanced chondrocyte growth (8, 9, 30) (32) . Furthermore, PTH is found in fetal blood of various animals, and its level (10-'1-10-'0 M) is similar to the maternal level (monkey [33] ; miniature pig [34] ; rabbit [Kato, Y., and T. Koike, unpublished observations]). Thus, PTH may participate in vivo in supporting rapid growth of cartilage in fetal life.
In conclusion, in addition to being a regulator of calcium homeostasis, PTH was shown in this study to be a potent mitogen for chondrocytes in embryos. The abrupt disappear- 
